The oesophagus is frequently suspected of being the cause of pain in patients with angina like chest pain of non-cardiac origin, but objective evidence that the oesophagus is indeed the source of the pain is difficult to obtain by conventional examinations.'-9 Gastrooesophageal reflux or severe motility disorders are usually accepted as the underlying pain mechanism.'0" The oesophagus may also be hypersensitive to a variety of stimuli, as in the case of the irritable oesophagus syndrome. 12 The oesophageal origin of chest pain, however, can only be considered likely when gastrooesophageal reflux or severe motor abnormalities are shown to correlate in time with the episodes of chest pain. Because of the intermittent and unpredictable character of the pain this proof is only rarely obtained during conventional testing. To increase the chances of recording intraoesophageal pH and pressure during a pain attack, the recording time can be extended or provocation tests can be used. No full paper has been published which has examined systematically the relative value of 24 hour intraoesophageal pH and pressure recording v provocation tests in the diagnosis of oesophageal chest pain. This was the aim ofthe present study.
Materials and methods
Fifty consecutive patients who gave informed consent were included in the study. There were 30 men and 20 women with a mean age of 54 years (range 37-74 years). The inclusion criterion was the presence of severe angina like chest pain of non-cardiac origin. The Table gives the frequency of the chest pain. Chest pain was exercise related in 37 patients; 19 patients had some (though minor) degree of dysphagia, and 21 patients also experienced heartburn, which, however, was not related to the episodes of pain. Cardiac origin of pain was excluded by the appropriate cardiological investigations including exercise electrocardiogram, thallium scan, and cardiac arteriography in all patients and ergonovine provocation when indicated (20 patients) .
Endoscopic examination of the upper gastrointestinal tract was carried out in all patients to exclude severe gastritis, ulcer, or carcinoma as a possible cause of pain. Ultrasonography of the upper abdomen was used to exclude biliary or pancreatic disease. All patients underwent 24 hour intraoesophageal pH and pressure measurements as well as provocation tests.
The study was approved by the ethical committee of the University Hospital. 24 24 Hour intraoesophageal pH and pressure measurements were performed with a portable recording system (Imcomed, Brussels, Belgium) described in detail elsewhere." ' 13 The intraoesophageal probe was introduced via the nose and was positioned under manometric control in such a way that intraoesophageal pH was measured at 5 cm and pressures at 3, 10, and 17 cm above the lower oesophageal sphincter. The analogue data of the full 24 hour period were recorded on a portable cassette recorder. The patient was asked to note in a diary meal times Ambulatory 24 hour intraoesophagealpH andpressure recordings vprovocation tests in the diagnosis ofchest pain ofoesophageal origin and periods of rest and to push a button on the recorder to signal when a chest pain occurred. The entire 24 hour tape recording was replayed on a polygraph for visual analysis of the data. Oesophageal origin of the chest pain was considered likely if analysis of the 24 hour recording showed that the pain episode signalled by the patient by means of the event marker occurred during an episode of acid reflux or severe motor abnormalities or a combination of both. Chest pain was defined as pH associated if it was signalled during or within two minutes of an intraoesophageal drop in pH below 4, provided statistical evaluation showed that the probability that this association in time occurred only by chance was less than 5%. This probability is obtained by the summation of a number of partial probabilities, each of which is found by evaluating the binomial formula: 
Balloon distension test
The balloon distension test was performed according to the method recently described by Richter et al. 16 A polyvinyl balloon (length: 30 mm; maximal diameter after 10 ml distension: 27 mm) was positioned 10 cm above the lower oesophageal sphincter and inflated with 1 ml increments of air to a total volume of 10 ml. The test was called positive if distension with a volume of 8 ml or less of air reproduced the familiar angina like chest pain.
Results
The Table summarises In a previous study in 60 patients with noncardiac chest pain we were able to establish by means of 24 hour pH and pressure measurements the oesophageal origin of the chest pain in 21 (35%) of the 60 patients.'0 Peters et al" confirmed this and found a positive correlation between pain and abnormal oesophageal events in 13 of their 22 patients (59%). In the latter study, however, 64% of the 92 pain episodes did not correlate with either a reflux episode or abnormal motility. In the present study only 20 of the 80 (25%) pain episodes signalled by the patients did not correlate with either abnormal motility or reflux. The reason for this discrepancy is unclear but may be related to differences in the patient groups studied. In Peters's study" as many as 92 pain episodes were reported by the 22 patients, while our 50 patients reported only 80 pain episodes during the study period. Although there is not experimental proof that local ischaemia was induced in the oesophagus, in five of the 50 patients familiar chest pain was reproduced by the intra-oesophageal infusion of vasopressin. In two of the five patients vasopressin also induced oesophageal motility changes together with the pain, but in the three others the manometric record remained unchanged. In three of the five positive vasopressin patients the acid perfusion test and the edrophonium test were also positive, in one the edrophonium test (but not the acid perfusion test) was also positive, and the last patient had no other positive provocation tests. It may be argued that the criteria that we have used to identify the oesophagus as the likely cause of chest pain have not really been proved to do so and that the number of false positive results in a control population has not been studied appropriately for most provocation tests. The criteria that we have accepted are, however, the best that are available as there is no gold standard for the diagnosis of oesophageal chest pain.
From this study it may be concluded that the combined use of several provocation tests is perhaps the easiest way to establish the oesophageal origin of non-cardiac chest pain, although it is labour intensive. Intraoesophageal 24 hour pH and pressure recording is at present the only method that can identify the nature of the oesophageal abnormality causing spontaneous chest pain. Besides gastro-oesophageal reflux and oesophageal motor disorders, local ischaemia may have a role. The most frequent abnormality, however, is hypersensitivity of the oesophagus to various stimuli, a condition that has been called 'irritable oesophagus.' oesophageal origin. in the diagnosis of chest pain of and pressure recordings v provocation tests
